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Abstract
Introduction
Recently it has been shown that acute sleep loss has a direct impact on emotional process-
ing in healthy individuals. Here we studied the effect of chronically disturbed sleep on emo-
tional processing by investigating two samples of patients with sleep disorders.
Methods
25 patients with psychophysiologic insomnia (23 women and 2 men, mean age: 51.6 SD;
10.9 years), 19 patients with sleep apnea syndrome (4 women and 15men, mean age: 51.9;
SD 11.1) and a control sample of 24 subjects with normal sleep (15women and 9 men, mean
age 45.3; SD 8.8) completed a Facial Expressed Emotion Labelling (FEEL) task, requiring
participants to categorize and rate the intensity of six emotional expression categories: anger,
anxiety, fear, happiness, disgust and sadness. Differences in FEEL score and its subscales
among the three samples were analysed using ANOVA with gender as a covariate.
Results
Both patients with psychophysiologic insomnia and patients with sleep apnea showed signifi-
cantly lower performance in the FEEL test as compared to the control group. Differences were
seen in the scales happiness and sadness. Patient groups did not differ from each other.
Conclusion
By demonstrating that previously known effects of acute sleep deprivation on emotional pro-
cessing can be extended to persons experiencing chronically disturbed sleep, our data con-
tribute to a deeper understanding of the relationship between sleep loss and emotions.
Introduction
Deficits in emotion processing are a common symptom in many mental disorders [1]. Emo-
tional processing and sleep are closely interwoven, building a complex interaction which is still
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not completely understood [2]. A brain region of interest is the prefrontal cortex, which seems
to be involved in the interaction of emotion and sleep [3]. A recently published review postu-
lates that an amygdala-hippocampus-medial prefrontal cortex network is involved in emo-
tional processing and fear memory during Rapid-Eye-Movement Sleep [4]. This strengthens
older studies emphasizing the role of REM sleep not only in emotional regulation but also in
emotional responsiveness [5].
There is evidence based on neuroimaging that regions such as the amygdala and hippocam-
pus are active during REM sleep [6]. Furthermore amygdala-hippocampal networks are pro-
posed to be involved in attenuation of experienced affections and decreasing its emotional
intensity[7]. It is known that depression is associated with disturbed sleep and alternation in
REM-Sleep [8]. There is data that underscore the hypothesis that untreated insomnia may
result in depression [9, 10].
However, the role of sleep in regulating emotional processes becomes especially evident in
data from sleep deprivation studies. Based on functional imaging, it could be shown that one
night of sleep deprivation in normal subjects was associated with an increased amygdale reac-
tion to negative stimuli (pictures), most likely due to a decreased functional connectivity
between the amygdala and the prefrontal cortex [11]. On a behavioural and neurophysiological
level, the impact of acute sleep loss on emotional processing has been shown in several studies:
By using pupillography, an increased reaction to negative emotional pictures after one night of
sleep deprivation in comparison to non-sleep deprived persons was seen [12]. In another study
one night of sleep deprivation as compared to undisturbed sleep resulted in a more negative
judgement of neutral pictures [13]. Moreover, sleep-deprived persons react more negatively
toward disruptive events [14, 15]. Several findings on experimental sleep loss and emotional
reactivity which were reviewed systematically, underline the hypothesis that sleep is important
in order to maintain adaptive emotional regulation and reactivity [2].
Recognition of facial expression (FER) is a frequently-used paradigm [16] for measuring
emotional processing. Two studies demonstrated an impairment in the recognition of facial
expression after one night of sleep deprivation [17, 18], which was normalized after one night
of recovery sleep [17].
In summary, there is strong evidence that disturbed sleep has a direct impact on emotional
processing, leading to a higher sensitivity to negative emotional stimuli. This leads to the ques-
tion whether persons suffering from sleep disorders are also affected by these processes. Con-
sidering the high prevalence of sleep disorders among the population [19, 20] the potential
impact of disturbed sleep on emotional regulation would be of highest socio- and health-eco-
nomic interest.
In a recent pilot study Kyle et al. [21] investigated emotional perception in insomnia
patients compared to normal controls and found that insomnia patients rated facial expres-
sions of sadness and fear as emotionally less intense. These findings suggest that alterations of
emotional processing are not only present after acute sleep deprivation, but also in patients
with chronic insomnia. However, it is still unclear whether the observed alterations of emo-
tional processing in patients with chronically disturbed sleep are specific to psychophysiologi-
cal insomnia with its particular psychologic and physiologic symptoms [22] or whether similar
effects are also observed in other sleep disorders. To address this question we investigated emo-
tional reactions in patients with insomnia and also in a further group of patients with sleep dis-
orders, namely sleep apnea. Sleep apnea is characterized by sleep fragmentation and therefore
these patients are a good model for the impact of disturbed sleep on emotions and cognitions.
In contrast to patients with insomnia, disturbed sleep here is caused not by central-nervous
processes such as hyperarousal, but rather by respiratory events, namely apneas during sleep
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[23]. To the best of our knowledge, this is the first study to investigate emotional reactivity in
this group of patients.
Materials and Methods
The study was approved from the local ethic comitee at the University of Regensburg (08/102).
All participants gave written informed consent for participation in the study.
Sample
Insomnia patients were recruited in the sleep laboratory of the sleep clinic in Regensburg, Ger-
many. All patients were admitted to our clinic in order to participate in a standardized program
for cognitive behaviour therapy for insomnia [24]. Diagnosis was validated according to the
ICSD-2 criteria [20] and a polysomnography to exclude the presence of sleep apnea or periodic
leg movements in sleep. Inclusion criteria were: At least one month of insomnia; evidence of
conditioned sleep difficulty and/or heightened arousal in bed; insomnia was not due to any
other current primary sleep, medical or psychiatric disorder. Affective disorders, especially
depression, were excluded in a structured interview conducted by an experienced psychiatrist.
Any severe neurological or other medical condition led to the exclusion of the patients. 25
insomnia patients with a mean age of 51.6 years (SD: 10.9), 23 females, were tested.
The sleep apnea (SAS) group consisted of 19 patients (4 females and 15 men). Mean age was
51.9 years (SD: 11.1). Inclusion criteria for the SAS groups were an apnea-hypopnea-
index> 10/h, disturbed objective sleep and impaired daytime well-being. All patients under-
went one night of polysomnography in our sleep clinic.
Normal controls were recruited by a newspaper advertisement. All controls had to fill out a
sleep questionnaire (Pittsburgh Sleep Quality Index, PSQI) and were interviewed by a psychia-
trist in order to exclude major psychiatric disorders like depression. PSQI [25] is the standard
for measuring sleep quality in sleep medicine. A score higher than six is considered to be path-
ological. 9 men and 15 women were recruited for the control group. The mean age (45.3 ys, SD:
8.8) was slightly lower than the mean age of the patient samples, but the difference did not
reach significance (ANOVA F(2,65) = 2.997, p = .057). Moreover, we did not find any relation-
ship between the FEEL scores and age in the control group (Spearman rho = .057; p = .792).
All participants gave written informed consent for participation in the study, which was
approved by the local ethical committee.
Measurements
Test. The Facial Expressed Emotion Labelling (FEEL) test is a reliable and valid tool [26]
for measuring the ability to recognize facially expressed emotions. Pictures of 6 different emo-
tions (anger, fear, sadness, happiness, surprise and disgust), are presented on screen for 300
ms. Expressions were taken from the JACFEE (Japanese and Caucasian Facial Expressions of
Emotion; Matsumoto & Ekman, 1988) series. Procedure of the test: Instructions for the test
had to be read by the patients on the monitor. The practice trial was as follows: a neutral face
was shown for 1.5s followed by 1s blank screen and the facial test expression. Six words
(Anger, Anxiety, Surprise, Sadness, Happiness and Disgust) were presented with the face and
one had to be chosen by clicking on it (forced-choice response format). Response time was lim-
ited to 10 sec. This was followed by a written feedback about the correctness of the answer.
Every one of the six basic emotion expressions was presented in this learning trial. Each partici-
pant had then the possibility to ask questions about the procedure. During the actual testing,
the procedure was the same except for the feedback. Each emotion was shown 7 times in differ-
ent faces (half Caucasian and European, half females and males) in randomized order. In total,
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42 pictures were shown (seven examples of all six emotions used), resulting in a maximum
score of seven points in each emotional category and a maximum total score of the FEEL-Test
of 42 points.
Polysomnography. All subjects were evaluated for one night in the sleep laboratory. Full
cardio-respiratory polysomnographic recordings were performed for 8 hours including electro-
encephalogram, electrooculogram, electromyogram of the chin muscle, tibialis anterior mus-
cles bilaterally, recording of nasal and abdominal respiration and electrocardiogram and
scored according to the manual of the American Academy of Sleep Medicine. Sleep stages and
respiratory events were classified by a trained staff member according to standardized guide-
lines. The following sleep parameters were recorded in order to outline the sleep quality of our
samples: Sleep Onset Latency (SOL), Total sleep time (TST), Sleep efficiency (SE); Wake time
after sleep onset (WASO); Sleep period time (SPT), Time in bed (TIB), N 1 (% of SPT), N 2 (%
of SPT), N 3 and REM sleep (% of SPT). The results are displayed in Table 1.
Analysis
FEEL total score and FEEL subscores (according to the emotions anger, fear, sadness, happi-
ness, surprise and disgust) were compared across the three samples (Insomnia, sleep apnea and
normal) by separate ANOVAs with gender included as a covariable. Given the difference in the
gender distribution of the two samples, analysis was also performed without gender as
covariate.
The level of significance was set to .05. In case of significant differences, Bonferroni posthoc
tests were performed with t-tests. Sleep duration (TST) and wake time after sleep onset
(WASO) as parameters for sleep quality (measured by polysomnography) were correlated with
the FEEL score using the spearman correlation coefficient. We considered only those two
parameters because we had hypothesized that sleep duration (measured by TST) and disturbed
sleep (measured by WASO) were associated with the FEEL score.
Analysis was calculated using SPSS 22.0.
Results and Discussion
Both groups showed low sleep efficiency values (67% for insomnia patients and 76% for sleep
apnea patients) mainly due to increased wake time after sleep onset (109 min. for insomnia
Table 1. Polysomnographic data from one night of insomnia patients (INS) and patients with sleep
apnea (SAS). Means and standard deviations.
Insomnia Sleep apnea syndrome
N 25 19
Sleep latency to sleep onset (min.) 26.7 ± 19.1 23.0 ± 23.0
Total sleep time (min.) 303.5 ± 70.2 356.4 ± 93.7
Time in bed (min.) 444.1 ± 33.5 464.8 ± 38.8
Sleep efﬁciency 67.4% ± 13.1 75.8% ± 17.1
Sleep period time (min.) 410.4 ± 43.7 437.0 ± 86.4
Wake after sleep onset (min.) 109.4 ± 43.6 91.3 ± 60.0
Sleep stage 1 (% of SPT) 10.6 ± 5.5 16.0 ± 5.1
Sleep stage 2 (% of SPT) 38.0 ± 11.4 59.1 ± 73.5
Delta sleep (% of SPT) 11.2 ± 7.1 7.8 ± 8.1
Wake (% of SPT) 27.2 ± 12.9 19.4 ± 11.1
REM (% of SPT) 12.8 ± 5.5 13.5 ± 6.8
doi:10.1371/journal.pone.0152754.t001
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patients and 91 min. in sleep apnea patients) during the night (Table 1). No correlation
between sleep duration and FEEL score nor between wake time after sleep onset and FEEL
score was found for any of the patients.
FEEL scores were 35.4 ± 3.6 for the control group, 31.9 ± 4.9 for Insomnia patients and
31.8 ± 4.1 for sleep apnea patients. FEEL-scores differed across groups (ANOVA: F(2,64) =
5.158 p = .008), whereas gender did not have a significant effect on the FEEL score (ANOVA:
F(1, 64) = 0.21 p = .884). Repeating the analysis without gender as a covariate did not change the
results (F (2,65) = 5.249; p = .008).
In the post hoc test (Bonferroni) insomnia patients (p = .019) and sleep apnea patients (p =
.024) differed significantly from the control group, but not from each other.
Among the ANOVAs of the subscales the analyses for happiness (F(2,64) = 4.086; p = .021)
and sadness (F(2,64): = 3.275; p = .044) revealed significant results (Fig 1). Calculating the analy-
sis without gender as a covariate did not change the results, neither for the scales happiness
(happiness: F(2,65): = 3.800; p = .028) and sadness (F(2,65): = 3.213; p = .047) nor for the other
scales where no significant differences had been found (Anxiety F(2,65): = 1.398; p = .254; Sur-
prise F(2,65): = 1.485; p = .234; Disgust F(2,65) = .315; p = .731; and Anger F(2,65) = 2.621; p =
Fig 1. Scores (means and standard errors of the mean) in subscales of the FEEL Test measured in 25 insomnia patients, 19 patients with sleep
apnea and 24 controls. * indicate differences in ANOVA (p < .05)
doi:10.1371/journal.pone.0152754.g001
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.080). There was no gender effect in any of the ANOVAS of these two subscales or the other
subscales.
In comparison to healthy controls, patients with sleep apnea showed lower scores in the rec-
ognition of Happiness (p = .023).
To the best of our knowledge this is the first study demonstrating impaired accuracy of rec-
ognition of facially expressed emotions in different samples of patients with sleep disorders.
The insomnia patients as well as patients with sleep apnea performed worse in the identifica-
tion of basic emotions in facial expressions compared to normal subjects (Table 2). There were
no differences in the FEEL scores between insomnia patients and patients with sleep apnea.
Our data indicate that facially expressed emotion recognition is not only affected by acute sleep
deprivation but is also evident in persons with sleep disorders.
By demonstrating impaired facial emotion recognition in chronically sleep-deprived
patients, our results expand upon the findings from a recent study in insomnia patients [21].
Similar to the study mentioned, we could not detect a correlation between polysomnographic
findings and emotion categorization performance. Given the variability of both measurements,
larger sample sizes would probably be required to detect such a direct relationship. In addition
to the study of Kylie et al. we also investigated a patient group with sleep apnea syndrome. In
contrast to insomnia, where the sleep disturbance is related to various psychological factors,
the disturbed sleep in sleep apnea syndrome has a clearly defined organic cause. Our finding
that both groups had very similar impairments in recognition of emotional states suggests dis-
turbed sleep as the common cause.
We are aware of the fact that no final conclusions about causal relationships between
chronic sleep impairment and impaired emotional processing can be inferred from our cross-
sectional data. Longitudinal interventional studies would be needed to investigate potential
causal relationships. Further limitations of our study include the variability in the FEEL scores
within the groups, and the fact that the three groups were not gender-matched. The unequal
gender distribution in the different samples is a weakness of the study. It is caused by variable
prevalence rates of the investigated sleep disorders in males and females. Insomnia predomi-
nantly affects women, whereas sleep apnea is more prevalent in men. We addressed the latter
issue by including gender as a covariate in the statistical analysis.
Age is also an important issue regarding sleep deprivation and emotional regulation and
although in our control group age did not have an effect on performance in recognition of
facial expressed emotions this issue should be observed in further studies. It is possible that
consequences of sleep deprivation can better be compensated at a younger age. We did not
focus on this issue in our study because most patients with insomnia and sleep apnea are mid-
dle-aged and older [20]. Also we cannot exclude that our results are confounded by specific
personality traits. It is known, that insomnia patients show more sleep related worries, that pre-
vent them from falling asleep and it is possible that this higher level of concerns may also affect
their concentration on specific tasks. However, we found comparable emotion detection
Table 2. Percentage of false choices in relation to presented faces with specific emotion of insomnia patients, sleep apnea patients and healthy
controls in every emotion of the FEEL test.
Anxiety Happiness Surprise Disgust Sadness Anger
24 Healthy persons 29.8% 1.8% 11.3% 17.3% 28.0% 4.8%
25 Insomnia patients 29.9% 4.6% 18.3% 18.9% 45.1% 13.1%
19 Sleep apnea patients 42.9% 8.3% 15.0% 21.8% 42.6% 14.3%
Percentage of false choices refers to the number of presented faces with speciﬁc emotion.
doi:10.1371/journal.pone.0152754.t002
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deficits in patients with insomnia as well as in patients with sleep apnea syndrome, thereby
considering our observed effects primarily driven by personality traits. Nevertheless future
studies should additionally assess personality traits to quantify their influence on the interac-
tion between sleep deprivation and emotion processing.
The finding that acute sleep deprivation and chronic sleep disorders have similar effects on
emotion processing parallels findings from neuroimaging studies, which also provide a hint for
the underlying neuronal mechanisms. There is evidence that acute sleep loss is associated with
down regulatory processes in prefrontal cortex [11]. Hypoactivation of prefrontal cortex has
also been described in insomnia patients [27]. Similarly, abnormal amygdala activity and con-
nectivity has been described both after acute sleep deprivation and also in insomnia patients
[28, 29].
We are aware that we cannot conclude concisely from our data whether sleep deprivation
has a specific effect on emotion processing or whether the observed deficit is just one aspect of
a global cognitive and emotional impairment after sleep deprivation. It is well known from the
literature that sleep deprivation affects not only psychomotor and cognitive functions, but also
working memory and vigilant and executive attention [30]. Moreover, in a recently published
meta-analysis reduced brain activation across different tasks after sleep deprivation was
reported [31]. Based on these findings, future studies should assess the effect of sleep depriva-
tion on emotional, attentional and cognitive function, in order to differentiate between more
global and more specific effects.
By demonstrating that chronically disturbed sleep impairs emotion recognition, these
results open a new perspective for understanding affective disturbances in persons with dis-
turbed sleep. In line with this hypothesis is the clinical observation that many insomnia
patients report feeling completely different after a good night of sleep and many patients per-
ceive their depressive mood as a direct consequence of their bad sleep.
Further support for the hypothesis of a direct relationship between sleep and emotional pro-
cessing comes from studies in depressive patients where treatment with the sleep improving
melatonergic agent agomelatine results in a more pronounced improvement of emotional reac-
tivity as compared to other antidepressants [32, 33]. Further studies measuring the acute effect
of sleep on emotional processing in patients with sleep disorders will be needed to further eluci-
date a potential causal relationship between sleep at night and emotional processing during the
day.
The existence of disturbed emotional regulation or emotional distress in patients with sleep
apnea has attracted little scientific interest up to now. However, mood alterations have been
observed in sleep apnea patients [34] with the prevalence rates of depression between 17% [35]
and 22% [36]. Consistent with our findings of sleep disturbance as the relevant factor for dis-
turbed emotional processing, depressive symptoms in SAS patients are related to non-restor-
ative sleep [37]. Successful treatment of the sleep apnea syndrome also improves residual
depressive symptoms [38]. Whether the impairment in emotion processing is merely due to
psychological distress mediated by tiredness or whether chronic sleep disturbance has a direct
impact on emotion processing, is a field of further research. Studies measuring possible
changes in emotional regulation by continuous positive pressure treatment in patients with
sleep apnea would be of highest interest.
Conclusions
By demonstrating similar emotion processing impairments in patients with two different
chronic sleep disorders, our data support the hypothesis of altered emotional regulation as a
direct consequence of disturbed sleep
Recognition of Facially Expressed Emotions and Sleep
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